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PKOBLEMS CONCERNING THE TEACHING OF 
SECONDARY MATHEMATICS 1 

By ALFRED DAVIS 
Soldan High School, St. Louis, Mo. 

It is not our purpose to enumerate all the problems connected 
■with the teaching of secondary mathematics, even if that were 
possible, much less to attempt to solve all of them. It is, of 
course, much easier to state an educational problem than it is 
to solve it. A prominent educator said, not very long ago, that 
this is an age of diagnosis in the field of education, and we have 
not yet reached the stage of prescribing adequate remedies for 
our ills. We shall survey briefly only a few outstanding prob- 
lems, and we hope to suggest possible solutions for some of these. 

It is not very long since it was assumed by some who were in 
high places educationally, that the long accepted idea that a 
general disciplinary value could be attributed to a study, was 
unwarranted. That is, the study of a subject like mathematics 
could be valuable only in the further study of mathematics or in 
its application to other fields. Simultaneously with this the 
teacher of mathematics was confronted with the question, "Why 
do you teach mathematics to high school students, and what do 
they gain from it ? " For the moment this was staggering. The 
attempt to show that the subject trained the mind was treated 
as ridiculous, or else it was met with the statement that several 
other subjects could do this as well, or better. The practical 
usefulness of mathematics did not answer the question since 
some were ready to show that the average student would need 
little on this account. Unless a satisfactory answer could be 
readily given to the question mathematics could not long con- 
tinue as a required study in our high schools. 

It has been shown more recently that the above assumption is 
not entirely correct, to say the least. No one of real prominence 
in education will today wholly deny the transfer of training. 
However, this transfer is not conceded to be automatic, and is 
limited to a correspondence of elements in the various fields. In 



1 Read before the Missouri Section of The Mathematical Association of 
America at Kansas City, Mo., November 18, 1922. 
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this connection it is interesting to note the following from the 
"Revision of the Course of „ Study in Arithmetic" for Chicago 
and dated September 1921: 

"Its mental discipline — the power it gives the mind in reas- 
oning, in habits of application, and in exactness of statement, 
the power to think closely, concisely, and accurately has a funda- 
mental importance in attaining success in the various and pro- 
gressive walks of life, and the teaching and study of arithmetic 
contribute a large and peculiar share of that success. While 
most of the mental discipline of arithmetic may be secured from 
those portions that may be called practical, the importance of 
right logical thinking that underlies and gives the highest ex- 
cellence to arithmetical calculations must not be underestimated. 
The logical value of arithmetic lies in training the mind to inter- 
pret correctly the problems, to think the solutions of problems 
apart from their computation, and to cultivate the power of 
sustained attention and reasoning. ' ' Indeed, this might be taken 
as an argument for the study of mathematics in high school. 
However, that there is still a problem in connection with this 
matter may be seen in the increasing tendency of many of our 
large and important high schools to graduate students who have 
not studied mathematics, and in the resulting difficulties of the 
graduates. The matter is further emphasized by such action as 
that recently taken by the state of Ohio, to the effect that no 
high school in the state need require mathematics of its students. 
Commenting on this the Mathematics Teacher says : 

"The effect will probably be to improve the 'tone' of the aver- 
age mathematics class The worth of mathematics as a 

mental discipline is too firmly established to require argument 
at this late date ' ' 

California seems to have taken action similar to that of Ohio 
with the result that opportunity is offered at the State Univer- 
sity for the study of elementary algebra and geometry. 

Much might be said of the contributions of the study of mathe- 
matics to intelligence and culture, and of the dependence of the 
progress of civilization upon it, but it is not our purpose to enter 
into these fields ; suffice it then to say that much remains to be 
done in defining the objectives for high school mathematics and 
in giving these publicity' 
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One of the outstanding reasons for focusing attention and 
criticism on mathematics in recent years is the large number of 
failures among students taking the subject. It has been quite 
common to have as high as a third of a class fail, sometimes 
fifty per cent., while many students fail repeatedly. It is quite 
natural to raise the question as to why a subject should be re- 
quired of persons who seem unable to master it. The question 
becomes an economic one. The four year course is likely to be 
extended a term or more with a proportionate increase in ex- 
pense to the community. It is likely that there will be a cor- 
responding return to society for this extra outlay? It must be 
admitted that the return is likely to be in inverse proportion. 
The responsibility for this intolerable situation has been charged 
to the subject. Now this is probably a mistake. The difficulty 
should be met by a classification of pupils according to intelli- 
gence and ability; by improvement in the arrangement and in 
the presentation of subject matter; and by selecting as teachers 
those who are specialists in subject matter and in the technique 
of its presentation. Notwithstanding the many efforts recently 
made to adjust these matters they are still serious problems chal- 
lenging the teacher and the administrator. Until they are more 
completely solved we may expect dissatisfaction and impatience 
as illustrated in the recent action of the State of Ohio. Let us 
consider these problems in some detail. 

The ordinary high school class in mathematics may be con- 
sidered as consisting of three groups, five or six bright pupils, 
about the same number of slow or dull pupils, with the majority 
of average ability and ranging between the two extremes. Such 
a class should be divided into three parts for purposes of effect- 
ive instruction. This, however, is a problem for the adminis- 
trator rather than the teacher, and it is not easy of solution. At 
the present time we teach the average pupil. The inferior 
group is probably entirely included in the failures, while the 
superior group marks time. A few years ago high school stu- 
dents were a more select group and the classes fairly uniform, 
but with the rapid increase in numbers we have a wider range 
in ability. "With further increase in numbers the difficulty is 
likely to increase. Professor George S. Counts of Yale Uni- 
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versity, has made a study of the high school population of four 
cities; Bridgeport, Conn. ; Mount Vernon, N. Y. ; St. Louis, Mo. ; 
and Seattle, Wash. Considering these as representative of the 
entire country, he concludes that only 25%, or 2,000,000, of those 
of high school age are enrolled in high school at present, and 
that these are largely a select group from the more fortunate 
social and economic classes, while the lower classes of labor have 
as yet hardly begun to think in terms of secondary education. 
The high school idea is bound to spread. This is indicated in the 
fact that large high school buildings are no sooner erected than 
they are filled to overflowing. As we continue to draw on the 
75% not now enrolled the need for better classification is bound 
to increase. 

The junior high school is aiding in the solution of the problem, 
and I suppose the Ben Blewett school of St. Louis may be taken 
as illustrative of what is being attempted. When pupils enter 
this school from the sixth grade they are given the Otis intelli- 
gence test. On the basis of the resulting intelligence quotients 
they are divided into A, B, and C groups. For example, the 
class which entered last February had about one-fifth A's, with 
I. Q's above 120; about the same number in the C group with 
I. Q's below 90. while those between 90 and 120 formed the B 
group. These adjustments are usually revised after about five 
weeks when the actual achievement of the pupils in the class 
room has been observed. The chief difference in these groups 
is in the length of time required for graduation. The A's re- 
quire two years, the B's two and one-half years, and the C's 
three years. If a pupil is over age for his grade he is placed in a 
"rapid promotion" group under a strong teacher, taught 
merely the necessary elements of the subjects, and then passed 
on to a grade of corresponding age. The pupils are marked ac- 
cording to what might be reasonably expected of the group. Ac- 
cordingly, a high mark in a C group would not be a high mark 
for a member of the A group. 

Approximately the same courses in mathematics are required 
of all pupils in grades seven and eight. The usual arithmetic 
required of these grades is covered, supplemented by some in- 
tuitional geometry, and including the use of the equation. Mathe- 
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maties is elective in the ninth grade except for those who take 
the scientific course or the manual training -course. The C pu- 
pils who take manual training are given a special course in shop 
mathematics, which is not given credit at Soldan Senior High 
School. All others who take mathematics are given general 
mathematics 1 with the emphasis placed on algebra. 

On entering Soldan the A's are assumed to be ready for 
geometry. The B's are credited with one-half year of mathe- 
matics and begin the second half-year of algebra, while the C's 
are given no credit in mathematics and so begin algebra, in case 
they elect mathematics. 

Almost all the Blewett graduates enter Soldan. However, 
the two districts are not co-extensive, and so Soldan receives 
probably as many from the eighth grade as from Blewett. Soldan 
was built to accommodate 1800, consequently, with a student 
body of more than 2500, it is crowded. These conditions inter- 
fere with maintaining the A, B, and C groups found at Blewett. 
At Soldan many pupils are obliged to take mathematics to meet 
college entrance requirements, while those in the manual train- 
ing and the scientific courses must take it, the former at least 
two years beyond the eighth grade, and the latter four years. 
The result is that the junior high graduates are thrown together 
with others who have had the traditional courses in the ninth 
grade and confusion follows. The C pupils are lost and are 
largely listed as failures. Some attempt has been made to run 
parallel classes so that the weak pupils might be separated from 
the others and allowed to move more slowly, taking a longer time 
to complete the same work as the others. This has not been 
successful, one reason for this is the difficulty of keeping these 
pupils separated for more than one term. Obviously, unless the 
pupils take mathematics under compulsion of some sort the num- 
ber electing it under these conditions is destined to decrease. 
For the first time all the high schools are offering general 
mathematics. It is the hope to place all the weak pupils 
who elect mathematics in these classes. A year of geometry may 
follow with credit but the pupil will not be considered prepared 
to continue beyond this without the usual algebra. This is an 



1 Beginning with the present term algebra is offered as a ninth grade 
elective at the junior high school. 
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experiment, and one of the greatest difficulties is the lack of 
suitable texts. The proper classification of pupils and properly 
differentiated methods) of treatment are problems awaiting suc- 
cessful solution. The situation might be met with specialized 
technical high schools so operated as to meet special aptitudes 
of pupils. Again smaller classes, with less crowded conditions, 
and an increased number of teachers would help. These adjust- 
ments would involve additional expense making the problem an 
economic one and consequently slow of solution. It may be that 
we should eliminate some students at the completion of the eighth 
grade because of limited ability. However, it is important that 
these problems be met vigorously and open-mindedly until a 
successful solution is worked out. 

Again, the courses in mathematics have become static. They 
were developed under conditions which have long since changed. 
The National Committee on Mathematical Requirements has la- 
bored to reorganize them, and its final report just about to ap- 
pear will be a valuable contribution towards that end. Special 
schools have attacked the problem. And teachers here and there 
in public schools have made some contributions quite worth 
while. But progress is extremely slow. The experienced teacher 
in the class room reminds one of the bishop who, in the course of 
his travels, preached the same sermon one hundred and one 
times. When asked why he did this he replied by asking the 
question, "If you were going on a hunting trip and had the 
choice of two guns, one of which you had already tried repeat- 
edly and had always gotten the game, while the other was new 
and untried, which would you choose?" It is not easy for 
teachers to avoid ruts in their teaching. It is probable that 
tried methods should be changed slowly and cautiously. The 
same may be said of subject matter. The junior high school has 
given impetus to the movement for improved courses, but even 
here it has recently been said as a criticism that while the admin- 
istrative side has advanced rapidly, the courses have changed 
but little. 

One of the important reasons for the junior high school is to 
avoid, if possible, the marking of time in the seventh and 
eighth grades. To realize this in mathematics the subject should 
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probably be required throughout these grades and it should in- 
clude work beyond the traditional arithmetic. The subject is 
frequently elective in the ninth grade, but whether elective or 
required, it should at this stage include more than elementary 
algebra. It seems desirable to include both algebra and geom- 
etry, with probably an introduction to demonstrative geometry, 
and possibly the use of the sine, cosine, and tangent functions 
of an angle. By such procedure a second great purpose of the 
junior high school may be promoted, namely, testing the apti- 
tude of pupils for a study. The work in the junior high school 
should be a unit. That is, it should not depend entirely on 
further work in the subject to have meaning and value. This 
is especially important for the pupil who leaves school at the 
end of the ninth grade. The work should at the same time be 
so arranged that the pupil will be prepared to continue his 
work in the senior high school without interruption or embar- 
rassment. 

Senior courses need reorganizing in such manner as 
to insure a maximum of good results from previous 
work. This problem has scarcely been thought of as yet, but it 
must receive attention. It is emphasized in the fact that mathe- 
matics courses in the senior high school are likely to become and 
remain elective. If we continue to try to fit the new type of 
pupil into the traditional courses which have had little or no 
modification, the subject will become unpopular and few will 
elect it. This result is apparent in many parts of the country 
today. The problem is not easy to solve. It requires the com- 
bined efforts of numbers of teachers in class room work, and the 
careful checking of results. Some attempt along these lines 
have been made by the Horace Mann and the Lincoln schools of 
New York City. The following may be suggestive. 

The work in algebra may be condensed so that not more than 
an additional year may be required to complete it Probably 
too much time is spent on solid geometry. This might be com- 
bined with plane geometry and the whole condensed so that one 
year would complete it. Or the two geometries might be kept 
separate but so organized that only one year need be devoted to 
geometry. In this arrangement the pupil could get the train- 
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ing that the study of geometry would give, and he could cer- 
tainly gain the information he needs from the subject. This 
leaves a year for the mathematically inclined pupil to devote to 
advanced studies. A choice of courses may be offered for this 
year, any two of which may be taken, in succession. Trigon- 
ometry with applications might take a half year. This may be 
followed by surveying, although this subject is probably better 
suited to the technical school. Advanced practical mathematics 
adapted to shop work, elementary statistics, or a brief course in 
the history of mathematics might be offered. However, the 
most fascinating fields from which to draw for art advanced 
senior course are analytic geometry and the calculus. Much is 
said about applying mathematics to practical situations, and the 
finding of real problems. Our high school courses in mathe- 
matics are sometimes rightly criticised as barren because they 
either follow the wrong trail or they stop too soon. No one can 
have an adequate idea of the meaning of mathematics and of its 
beauty and power in solving every day problems until he has 
studied at least the elements of analytics and the calculus. Many 
of us who teach upper class students tell them of the wonders of 
these subjects and urge them to plan to study them in college. 
This suggestion, however is tantalizing to the student who never 
goes to college, and this seems to be an increasing group. Presi- 
dent Coffman, of the University of Minnesota, concludes from a 
recent study that as far as Minnesota is concerned not more than 
25% of the graduates of high schools, during the next ten or 
twenty years, will enter college. This proportion will probably 
be greater as we continue to draw on the 75% of high school 
age who are not now in high schools. Since so many who could 
understand the fundamentals of the calculus will never know 
what it means unless they study the subject in high school, and 
since further progress in mathematics and its application to the 
needs of the world are dependent on the use of the calculus, it 
is a misfortune to deprive mathematically inclined pupils who 
could continue the study after leaving school, of this key to a 
world unknown or mysterious to the many, yet one of the most 
powerful tools of human thought. Many topics now included in 
algebra and solid geometry are but weakly defended as com- 
pared with analytic geometry and the calculus. Problems re- 
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lating to the curved paths of moving bodies, areas of surfaces 
bounded by curved lines, the almost magic ease with which max- 
ima and minima values can be obtained when equations are 
written from known conditions, and many problems of every- 
day occurrence open a new world of interest. We may tell the 
pupil that a parcel post package having a combined length and 
girth of 84 inches will have a maximum volume when the girth 
is twice the length and when cylindrical, but he will surely be 
interested in finding this out for himself. We may tell him 
that the arch of a bridge will require least material when cir- 
cular, but that to have the greatest strength it must be para- 
bolic, but he will want to know why. He will be interested to 
know why automobile lights, and the mirrors of reflecting tele- 
scopes must be paraboloidal in form ; why a shute for a bathing 
pool or for carrying coal should be the form of cycloid ; why an 
ellipsoidal room is a whispering gallery; how deep to cut the 
corners of a rectangular piece of tin to make a box of maximum 
capacity ; how to find quickly and easily, in most cases, the turn- 
ing points of a curve from an equation when it represents a 
power of a variable above the first. He will, for the first time, 
have some adequate appreciation of the fundamental laws of the 
universe, and he will be able to use them to interpret observed 
phenomena. The great engineering works of civilization will 
have new meaning for him. The serious importance of it all will 
be driven home on learning of such a calamity as that of the 
Quebec bridge a few years ago. Hundreds of lives and about 
$7,000,000 worth of property were destroyed, because, we are 
told, an engineer was so poorly informed in his mathematics that 
he supposed a beam twice as large would be twice as strong. Sir 
Isaac Newton, the great intellect of the ages, invented the cal- 
culus to apply his law of gravitation to the motions of the heav- 
enly bodies. It is, however, such a powerful instrument of in- 
vestigation, and of interpretation of natural phenomena, that 
it has become fundamental to our civilization. Little has been 
done so far to adapt the elements of these two great subjects, 
analytics and the calculus, to the learning of high school pupils. 
Nevertheless, it can be done. It is a problem for the future, but 
its solution should not be long delayed. 
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Superintendent John J. Maddox, of St. Louis, said recently in 
addressing a group of high school teachers that the fundamental 
idea on which the curriculum is to be built is not that it is simply 
to impart knowledge, it is not simply to learn how to earn a liv- 
ing, and it is not merely to give culture ; but the idea is to affect 
the behavior of folk. The controls of conduct are : establishing 
habits, imparting knowledge as to what to do and how to act, 
and the building up of great ideals. Every study, to find and 
to hold a place on the curriculum, must be tested in the light of 
these great ideals. The revision that we would suggest for courses 
in mathematics must be in accord with these great purposes. 

Time will not suffice to enter completely into the teacher 
problem. The teacher is of first importance in any plan of edu- 
cation. Buildings and equipment may be the most modern, 
classification of pupils may be perfect, text books and courses of 
study may be ideal, but without the teacher these are like the 
engine without steam, like the electric light fixtures without the 
electricity. It is the personality, the enthusiasm, and the power 
of the teacher that count. He must have the ability to impart 
the qualities and the ideals which he himself possesses to accomp- 
lish what we would call education. 

While breadth of culture is essential for the teacher he must 
be a specialist in the subject he attempts to teach. May the day 
soon pass when the specialist in English, or in history, or in 
language is assigned classes to whom he is to attempt to teach 
mathematics. It is not usually assumed that a college pro- 
fessor can teach a number of subjects with equal facility and 
effectiveness, neither can this be reasonably assumed of the high 
school teacher. We were asked not long since, by men promin- 
ent in the college of education in one of our large universities, 
"How much mathematics should a prospective high school 
teacher of the subject study?" When we answered that he 
should at least know the calculus, they expressed amazement. 
They asked, ' ' How can that be ? He is not going to teach the 
calculus." It seems trite to say that a teacher should know 
more of a subject than he expects to teach, that this should be 
true is merely a matter of common sense. If the revised courses 
we have suggested are to be effective we ought to insist that the 
teacher should have followed some branch of mathematics be- 
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yond the calculus, and he should continue to be a student of ad- 
vanced work in the subject. 

The teacher should be trained in the teaching of the subject. 
A few years ago the writer visited a geometry class in one of 
our large city high schools, in which all the pupils had failed at 
least once in the subject. The teacher was insisting that the pu- 
pils learn verbatim the words of the text. Worse yet, the pu- 
pils were required to memorize the numbers accompanying 
the paragraphs. I asked the purpose of this and was told that 
in this way the pupil could know whether the reason given for a 
statement preceded that point in the work. One can imagine 
the effect of this upon a group who had previously lost interest. 
Too many teachers are attempting to teach without training in 
the art of teaching, and without knowing the fundamentals of 
educational psychology. 

Since mathematics is to be an elective in most of our high 
schools, the teacher must "sell" the subject and the idea of its 
importance to the community he serves, both by good teaching 
in the class room and by being a source of information on the 
subject outside the school. This requires that he be, not only a 
constant student of the subject, but also a student of education 
in general. He should learn from other teachers both by read- 
ing and by personal contact with them. He should learn from 
the world about him. And he should know the educational 
problems of the day, and if possible contribute something to 
their solution. One of the most important problems is how to 
secure well equipped, enthusiastic, sympathetic teachers. 

We have suggested a few of the outstanding problems con- 
nected with the teaching of secondary mathematics. Some of 
these are partially solved but much remains to be done. Their 
more complete solution will aid much in giving mathematics its 
proper standing both in and out of the class room. The prob- 
lems are urgent since the subject is becoming increasingly im- 
portant as an aid to the progress of many other branches of 
science, and its study has an educational value that cannot be 
treated lightly. With better classification of pupils, readjusted 
subject matter, and with teachers who are themselves students, 
and who can teach others how to study, the problems will be 
largely solved. However, true solutions must come largely from 
the teachers of mathematics themselves. 



